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PREFACE 
This thesis entitled "Some Statistical Methods of Studying Consumer 
Buying Behaviour" is submitted to Aligarh Muslim University, Aligarh, 
India, to supplicate the degree of Doctor of Philosophy in Operations 
Research. It consists research work carried out by me in the Department 
of Statistics & Operations Research, Aligarh Muslim University, Aligarh, 
India. 
Present day marketing is an orderly and insightful process for thinking 
about planning for markets. It encompasses the marketing of ideas, 
events, organisations, places, personalities, goods and services. The 
process involves researching the marketplace to understand its dynamics 
and to identify opportunities to meet existing or latent needs. The role of 
marketing research is to help in formulating a broad strategy and refining 
it into detailed action plan. The study of consumer buying behaviour is an 
important component of marketing research. 
This thesis presents some statistical methods for studying consumer 
buying behaviour. Chapterisation of this thesis has been done according 
to subject matter. Attempt has been made to present the material in clear, 
interesting and motivating style. Results derived have been critically 
examined and niunerical illustrations have been provided. It consists of 
five chapters each of which is briefly described here-under. 
Chapter 1 is introductory in nature; it contains basic concepts of market 
and marketing research. An attempt has been made to survey the 
available literature in this field. Areas of marketing research amenable to 
mathematical modelling and statistical treatment, such as advertising. 
pricing, new product search, distribution management and consumer 
buying behaviour, have been described. 
Chapter 2 deals with the problem of buying behaviour of a consumer as 
reflected by the purchase of consumer (non-durable) item, during small 
time interval. Th^urchase has been considered as a Bemouli trial and ^ 
Binomial distribution has been shown to be more appropriate than a 
Poisson distribution. Part of the matter presented in this chapter has ^ 
abeady been published Alam, S.N., Sadia S. Ali (2001). 
In chapter 3, it has been proposed to study the average number of 
piu^chases across the consumers in a region in a given time period. A 
Bayesian approach to purchase incidence model has been suggested so 
that the sample values have a greater bearing on the estimates. The 
chapter is an improvement of the results presented in Alam, S.N., Sadia 
S. Ali(2002,a). 
Chapter 4 outlines a new approach to purchase- incidence problem. The 
problem of consumer response to an item has usually been studied in 
terms of purchases made during a fixed time interval. The number of unit 
time periods that elapse before a randomly selected customer makes 
purchase of an item has been proposed as an altemative. Bayesian 
approach using a Beta-Geometric model, makes the analysis simple. The panfc 
results presented here have partially been published in Alam, S.N., Sadia 
S.Ali (2002,b). 
Recently, the market has been flooded with promotional schemes that are 
essentially meant to keep the customers loyal or to entice the others. 
Chapter 5 deals with consmner response to such promotional schemes. 
An analytical approach has been proposed and adopted to make a 
comparative study of the schemes as well as to study the consumer 
n 
response to some wellknown schemes. Data from a survey by /-';: /-' " , 
Jamal, M. (2002) has been used for illustration. 
It is a matter of great encouragement to mention that chapter 2,3 and 4 are 
based on articles either published or accepted in reputed journals. 
All the chapters have been supported with illustration figures tables and 
examples where-ever required. A list of tabl^and figurers with their page 
number is given after the * content'. 
A comprehensive list of references arranged in alphabetical order has 
been presented at the end. 
I must acknowledge, with humility, that inspite of my best efforts, 
something more could have been added and the matter could have been 
presented a better way. Any suggestions in this regard are welcome. 
Ill 
CHAPTER 1 
BASIC CONCEPTS 
1.1 Market and Marketing Research 
Market 
Traditionally the term market stands for the place where buyers and 
sellers gather to exchange the goods. This may be a village square or a 
place specially earmarked to facilitate the exchanges. Initially a barter 
system prevailed and tiien gradually it became difficult to exchange what 
one has in surplus with what one needed and hence the concept of money 
came into being. This also conferred the labels of buyers and sellers on 
the participants in the exchange. The party offering money is supposed to 
be the buyer and the one offering goods or services is supposed to be the 
seller. Later on Economist used the term 'market' to a collection of 
buyers and sellers who transact over a particular product or a product 
class, e.g.: the car market, the grain market or a furniture market etc. The 
modem concept of market is best summed up as follows: 
i) A market consists of all the potential customers sharing a 
particular need or want, who might be willing and able to 
engage in exchange to satisfy that need or want (Kotier, 
1989). 
ii) A market is the set of all actual and potential buyers of a 
market offer (Kotier, 1999). 
Thus, a market begins with the total population and progressively 
narrows down as shown in Figure 1.1. 
Figure 1.1: Market Definition: Conceptual Diagram 
Source: http://www.netmba.market 
Various terms used in Figure 1.1 need some explanation: 
Total population - totahty of persons living in a particular 
geographic area. 
• Potential market - those in the total population who have 
interest in acquiring the product. 
Available market - those in the potential market who have 
enough money to buy the product. 
Qualified available market - those in the available market who 
are legally permitted to buy the product. 
Target market - the segment of the qualified available" market 
that the firm has decided to serve (the served market). 
Penetrated market - those in the target market who have 
purchased the product. 
In the above listing, 'product' refers to both physical products and 
services. 
Marketing 
Traditional concept of marketing is to make the product available. The 
modem concept of marketing is explained through some of the definitions 
given by great scholars/group of scholars: 
i) A social and management piooo^ss by which individual and 
groups obtain what they need and want through creating and 
exchanging products, and value with others (Kotler et al, 
1996). 
ii) Getting the right goods and services to the right people at the 
right place at the right time at the right price with the right 
communication and promotion (Kotler, 1999). 
iii) Marketing is the management process which identifies, 
anticipates and supplies customer requirement efficiently 
and profitably (CIM- Charted Institute of .Marketing). ^ 
iv) The management process responsible for identifying, 
anticipating and satisfying customers requirement profitably 
(The Institution of Management). ^  
\ http://www.mubs.mdx.ac.uk/subjects/Marketing/quotes.htm 
". http://www.anderson .ucla.edu 
According to a less academic definition, Marketing is the art of making 
someone want something you have. Marketing deals with two important 
things: money and emotions (Kotler et ai, 1996). 
In plain and simple term marketing activities and strategies result in 
making those products available that satisfy customers and earn profits 
for the companies that offer those products. 
In brief marketing is satisfying customers needs. 
Thus we find that there is great marked difference in the modem and 
traditional concept of marketing. The main thrust of traditional concept 
was to identify market with the actual physical movements of goods 
which were involved in the exchanges and transactions. The modem 
concept of marketing is customer oriented. It is about creating and 
sustaining mutually satisfying exchanges of value between an 
organization and its customers. Marketers try to find right prospective 
people who can be persuaded to use their product and services. It is not a 
synonym for selling or exploiting people. It is considered as the strategy 
of the action center of entire firm. 
Marketing is everything the marketers do to place their products or 
services in the hands of consumers. Actually marketing doesn't start with 
great ideas but begins with consumers and also ends with consumers. 
Market Research 
Market research^ is defined as: 
i) An orderly, objective way of learning about people -the 
people who buy or might buy products and services. It is a 
systematic, objective collection and analysis of data about 
target market and/or environment with the goal being 
increased understanding. ^  
There is another definition of Market research that is worth mentioning: 
ii) The discipUned collection and evaluation of specific data in 
order to help suppliers to understand their customer's needs 
better (Jobber, 1998). 
Market research is the effort of looking closely at a particular market i. e. 
the size of that market (How many potential customers are there!), its 
structure (does the market have single or multiple sellersl How many 
substitutes of the product are available in the marketl) and finding ways 
and means of improvement {What are the barriers to overcome for 
entering into the market or consolidation of the existing market). 
Market research is carried out to find out the existing market conditions, 
explain certain market behaviour and predict consumers' response to 
new products or changes in an established product. It provides useful and 
valuable information about competitors, their size, their activity and their 
level of market share. It gives an early and powerful advantage to create 
or consolidate a share of market. 
Marketing Research 
Marketing research is a very broad concept and refers to an ongoing 
systematic collection, interpretation and reporting of data- data that is 
used by marketers to deal with specific problem, evaluate the success or 
failure of a project or to discover and take advantage of new 
. market research is also one of the area of marketing research, discussed here. 
"^ . http://www.sba.gov/test/wbc/docs/market/mk_research _trad_html. 
opportunities. It's not only a process but also a set of methodologies and 
tools that can be drawn on, selectively help management understand 
customer value and to apply that value for profitable growth. 
Given below are some definitions: 
i) Marketing research is the function which links the 
consumers, customers, and public to the marketer through 
information- information used to identify and define 
marketing opportunities and problems, generate, refine and 
evaluate marketing actions; monitor, marketing performance 
and improve understanding of marketing as a process. 
Marketing research specifies the information required to 
address these issues; designs the methods for collecting the 
information; manages and implements the data collection 
process; analyses and communicates the fmdings and other 
implications (AMA definition). ^ 
ii) The careful and objective study of product design, market 
and such transfer activities as physical distribution, 
warehousing, advertising and sales management (Thakur, 
1993). 
Hi) Marketing research is about researching the whole of 
company's marketing process (Palmer, 2000). ^ 
It is easy to see that Market research is just a part of broad spectrum of 
Marketing research. The two terms are often confused and intermixed. 
Market research is simply research into specific market and is a very 
narrow concept, whereas Marketing research is much broader. It not only 
. http://www.mark:etingteacher.com/lessons/Iesson_marketing_reseafch.htm 
includes market research but also areas such as research into new 
products, modes of distribution: as via Internet. Most of the findings of 
marketing research are directed towards satisfaction of consumers' needs 
and' wants are used by management to make important marketing 
decisions. 
1.2 Areas of Marketing Research 
Marketing research covers a wide area that is indicated in the definition 
of marketing management as given below: 
Marketing management is the process of plarming and 
executing the conception, pricing, promotion and 
distribution of ideas, goods, services to create exchanges 
that satisfy individual and organizational goals (Kotler, 
1999). 
Marketing models are either a broad representation of whole markedng 
system or they are concerned with detailed examination of a sub-system. 
A summary of areas and sub-areas that are most amenable to modelling is 
given in Table 1.1. 
Table 1.1: Summary of area for modelling sub-system 
S.N, 
1 
2 
3 
4 
5 
Area 
Advertising 
Pricing 
New Products 
Distribution 
Management 
Consumer Behaviour 
Sub-System 
Carryover effects, Competition, 
Media Selection 
Short-term, Long-term, Promotional 
Product Search, Break Even 
Analysis 
Sales Force, Sales Territories, Visit 
Frequencies 
Purchase incidence, Brand Switch 
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Marketing research problems can be expressed in terms of certain 
parameters and having an objective function with a number of 
constraints. There is either an appropriate model available or such a 
model can be developed in various areas. We hereby discuss a few 
models in each sub-system. 
1.3 Advertising l\/iodels 
The two main questions related to the advertising management are as 
follows: 
A) How much to spend on advertising? 
B) How (or where) to spend it? This can be further splitted into two: 
i) Which media to adopt? 
li) With what frequency to use the adopted media? 
For a meaningful answer to these questions it would be necessary: 
a) to know the return from an advertising ouday and 
b) to understand the mechanism by which customers react to 
advertising. 
We now discuss some statistical methods for measuring sales response of 
advertising expenditure. 
A) Advertising Expenditure Models 
There are two distinct approaches to find the optimum amount for 
advertisement expenditure. 
1) Single Period Models 
This type of model assumes that the effect of advertising over a period is 
limited to that period itself. Marketing variables such as sales promotion, 
8 
distribution and price are assumed to remain unchanged over the time 
period during which data is collected. A commonly used single period 
model postulated by Adams (1973) is given below: 
Define 
m; : market share of the brand during period t 
af : advertising share of the brand during t 
Also, let 
The model is then characterized as follows: 
Am^ = a + P Aa^. 
(1-1) 
(1-2) 
(1.3) 
where the parameters OC and p are estimated by normal regression 
procedures using past data . p is the measure of effectiveness of the 
advertising copy (advertising leverage) and OC is the measure of product 
quality (brand leverage). Based on this, a number of comments can be 
made as shown in the Table 1. 2 below: 
Table 1.2: Brand strategy diagnostics 
Brand 
Leverage 
High 
Low 
Advertising Leverage 
High 
Increase Media 
Expenditure 
Reposition Product 
Low 
Improve Copy/Cliange the 
IVIedia 
improve Product 
The above-mentioned model enables us to take appropriate policy 
decisions. Another model proposed by Weinberg (1960) is helpful in 
determining amount to be spent on advertising so as to achieve 
predetermined sales. Let 
Xf : brand advertising expenditure during the period t 
Xt : total industry advertising expenditure during period t 
yj : brand sales during period t 
Yf : total industry sales during period t 
e^ : advertising exchange rate for the brand during period t 
Then e^ is defined as: 
^ V Z £ xlOO (1.4) 
The model is then given by: 
Am^  = a + pioge^ (1.5) 
where, 
Am^  : change in market share fi:om period {t -1) to period t 
Yet another approach is based on Games Theory .As we know, Games 
theory is a type of decision theory in which one's choice of action is 
determined after taking into account all possible alternatives available to 
an opponent playing the same game. In this particular case different 
amounts that may be made available for advertising are considered as 
strategies of the firm and the industry as a whole is treated as a rival. A 
pay-off matrix is formed in terms of expected profits for various 
combinations of advertisement expenditure of the two sides and an 
optimum strategy is obtained through any of the well-known Game 
theoretic methods (e.g. Maximin, Maximax, Minimax regert, Laplace and 
Bayes Criterion etc.). 
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ii) Carryover Effect Models 
Carryover refers to the rate at which the effect of an advertising 
expenditure is carried over to the subsequent time periods. Obviously it 
wears out with the passage of time. Assuming that the amount spent on 
advertisements during a particular period contributes in the sales 
increment of the subsequent periods, let 
Sf : sales during period t 
Af : advertising expenditure during period t 
then the Koyck (1954) Model for carry over effects is given by 
St = a + PoAj +PiA^_l + . . . + P M ^ 1 +^r (1-6) 
where 
e( : random effect, usually assumed to be A (^0, a ), 
a : sales free from advertisement effects, 
^i's: weights of contribution of advertisement expenditure 
towards sales during period i .Generally it is assumed to be 
monotonically decreasing. The other pattern for weights 
has been suggested by Bass, Clarke (1972). 
This model can be simplified by assuming a geometric decay, i.e 
p^=p?.',/ = 0,l,...,r (1.7) 
This will result in reducing the number of parameters in the model. Usual 
Least-Square technique can be used to obtain estimates of the parameters. 
11 
B) Media Selection I\/lodei 
Although the importance of the message to be conveyed through 
advertisement cannot be denied, there is hardly any scope for 
mathematical modelling for a 'desirable' or even an appropriate message. 
The designing of message is therefore left for creative artists, 
psychologists and sociologists. After deciding the message the next 
important task of advertiser is to choose media to carry it in such a way 
that it is cost-effective. Nolan (1969) has given the conceptual approach 
to the problem of inter-media comparisons. The important question is 
how (or where) to spend the advertisement budget. In actual practice, the 
main factors in the choice of media are the type of product, the size of the 
budget and creative considerations (Adams, 1974). The simplest model of 
this situation that leads to linear programming problem that can be solved 
by usual simplex method or through some other method (e.g. graphical 
method for two media only). This model is formulated by assuming that 
M media are available. If C/ is the cost of single insertion in the / 
medium and Xi is the number of insertion made in the /med ium 
{i -1,2,..., M) then we must have 
M 
Y,CiXi<A (1.8) 
/=1 
where, 
A : available advertising budget. 
The set of constraints are given by 
Li<Xi<Ui, i = l%-,M (1.9) 
where. 
12 
:th Li : lower limit for the number of insertion in the i medium 
.'th Uj : upper limit for the number of insertion in the i medium 
Jh Let Ri be the estimated exposure of single insertion in i medium, a 
reasonable objective function is 
M 
Maximize ^RiXi 
i=l 
(1-10) 
Experience suggests that a small number of insertions have little effect on 
sales and there is a range where the effect is quite significant, but 
eventually saturation takes place. 
The response may be of the form as shown in the Figure 1.2. 
Figure 1.2: Advertising Response 
05 
CO 
Advertising Insertion 
An alternate model assumes that the total exposure from Xi insertions in 
th 
the / medium is a function of Xj given by fi(Xi) of the shape 
indicated in Figure 1.2. by assuming linear relationship between exposure 
and sales. The solution to the above problem can be obtained by using the 
method of Lagrangian multipUers. 
13 
1,4 Pricing 
Price is an element of marketing study that influences and is influenced 
by the demand of the product. Price is the value of the marketer's offer to 
the market expressed in monetary terms which a consumer is required to 
pay in exchange and in anticipation of the expected or offered utility. 
Price is the only marketing mix element which brings some sort of 
revenue. It is one of the most flexible elements and is too cost oriented. 
Pricing management requires adjustment to changing market condition 
which is done through marketing research. 
The pricing decisions are made in a way that proves to be conducive to 
build company's public image so as to become product-quality leader in 
the market. Companies carefully consider demand. Different levels of 
demand have different impact on companies' objectives of pricing. 
Normally pricing decisions are largely based on intuition. 
A firm's pricing strategy is crucial as it has a direct effect on profitability, 
both in the short-term and long-term application. Theoretically, prices 
should be established independently of cost. In practice, this is seldom 
followed. In making the price decision, the decision maker has some 
degree of price discretion which is determined by the buyer's concem for 
price and the degree of product differentiation. This has been explained in 
Table 1.3. 
Table 1.3: Degree of Price Discretion 
Product Differentiation 
High Low 
1 1 High 
o ^ 
O S Low 
Medium 
High 
Low 
Medium 
14 
Increasing product differentiation leads to increase in price discretion but 
within homogeneous product no price discretion exists .The other factor 
that influences the pricing is the rate of contribution to sales. Small 
changes in price will result in large changes in profit if the product makes 
a low contribution to fixed cost. 
In view of the above discussion, a comprehensive pricing model is 
difficult to develop. Attempts have, however, been made to construct 
models for examining short-term, long-term and promotional pricing 
decisions. 
i) Short-Term Pricing 
While making short term pricing decisions the production facilities and 
fixed cost are assumed to be fixed constant that are not affected by 
pricing decision. However pricing very much depends on fixed costs. The 
discounting of future revenue and costs are not relevant in short-term 
pricing. It is further assumed that there is immediate demand response to 
a change in the price. (Sometime this may not hold due to habitual 
behaviour and market imperfections). The profit model for a product with 
these assumptions is given by: 
n=(p-d)q-F ' (1.11) 
where, 
K : total profit 
p : unit price 
d : unit variable cost 
q : quantity sold 
F : fixed cost 
15 
With the help of simple rule, the break even price is give by 
p={dq + F)/q (1.12) 
By using target pricing, the price level to achieve is given by 
p=((Xl + dq + F)/q (1.13) 
where, 
a: return on-investment 
/ : investment 
An extension of this model has been provided by economists assuming 
P=fiq) (1.14) 
The equation (1.11) can be written in the form: 
n = R-C (1.15) 
where, 
R : total revenue 
C : total costs 
The optimal selling quantity is given by the relation: 
dq dq dq 
i.e. marginal revenue = marginal cost 
In practice, this is very difficult to apply because demand is affected by 
many variables other than price. 
16 
ii) Long-Term Pricing/ Strategic Pricing 
The basic theory of strategic pricing has been developed by the Boston 
Consulting Group (FitzRoy, 1976). The fimctional relationship of 
experience curve phenomena is given by: 
d=ay-^ (1.17) 
where, 
d : total cost per unit, 
y : total cumulative production in units, 
a,^: parameters. 
Expression (1.17) can be expressed in linear form by taking log on both 
sides. 
\ogd = a-blogy (1.18) 
This relationship is of fundamental importance in developing the theory 
of strategic pricing as it shows that unit cost declines by a constant 
proportion each time cumulative production increases. This decline in 
costs stabilizes with the passage of time which is known as learning 
effect. 
iii) Promotional Pricing 
A temporary price reduction may be offered either to help in establishing 
a new brand or to stimulate a brand which is well established but finds 
itself on the verge of decay. The prices for the promotional purposes are 
usually determined by the prevailing prices of the similar brands. 
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The commodity of interest here may be flie optimum shipping quantity 
(Goodman and Moody, 1970). This quantity is determined by considering 
the lost opportunity costs due to excess inventory or a shortage. Define 
S : optimum quantity given by the relation 
Cj : opportunity cost of excess inventory 
Cs • opportunity cost of shortage 
P : probability of occurrence of * demand exceeds supply' 
1 - jP : probabiHty of occurrence of 'demand is less than supply' 
The optimal shipping quantity is for which the two expected opportunity 
costs are equal, ie. 
PCs = (l-P)Cj (1.19) 
P- 7 7 ^ (1-20) 
* 
If S is the optimal shipping quantity, then it is given by 
P = Pr (consumer demand > .^ * ) = — (1.21) 
Cs+Cj 
Above equation depends on two parameter iCi,Cs) and the probability 
distribution of consumer response to promotion .The consumer resonse to 
the promotion may be assumed to be a random variable that is influenced 
by the characteristics of the promotion. If Y is the consimier response, 
then it may be reasonably assumed that 
Y = biX^ +62^2 +-- + b^Xf, +e (1.22) 
where, 
Xj : / characteristic of the promotion( e.g. magnitude of the 
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price reduction) 
bi : parameter to be estimated 
e : error component that may be assumed N{0, G ) with 
unknown variance. Usual regression techniques may be used 
to completely specify the probability distribution of Y 
1.5 New Product Search 
The essence of any firm's new product policy is the identification of 
those products that will generate, the greatest return on the funds 
invested, in relation to the risk involved and that are compatible with the 
firm resources. A decision in this regard will be based on the salient 
features and attributes of the product that are critical to the design of the 
product, its placement in the market and to the estimate of demand. 
The Product Life Cycle 
The need for new product may easily be understood by looking at the life 
cycle of a consumer product and its effect on the producer. The 
fundamental concept is shown in Figure 1.3. 
Figure1.3: Product Life Cycle 
Maturity 
Growth 
Introduction 
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CO 
Decline 
Time 
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A product goes through a series of the stages as explained below: 
1) Introductory stage: When a product is introduced in the market 
it takes time to get recognized by the customers. During this period 
it has a slow sale growth, may be even without profit. 
2) Growth stage; After a brief introductory period an ideal product 
enters into a period of rapid market acceptance and profit 
improvement. 
3) Maturity stag0: It is the period of acceptance by most potential 
buyers with stabihzation of sales and profits. 
4) Decline stage: This is the ultimate period when sales show a 
down-ward drift and profits decline. This may happen due to 
competition from other new products. 
The life-cycle theory provides an important lesson, that is, an on-going 
firm must always be looking for a new product so that at any given point 
of time there is at least one product in every stage of life cycle. Also, 
there must be a new product, ready to be introduced, for every product 
heading towards its decline period. Simultaneously the distribution 
management and pricing pohcies be so designed as to prolong the 
maturity period of the on-going products. 
It is desirable to distinguish between a possibly successful or an 
unsuccessful product at an early stage of the life cycle or even before a 
trial launch. There are different methods to study the 'viability' of a new 
product. We discuss here two commonly used methods: 
i) Utility Measure 
The viability of new product may be ascertained by finding its 'utility'. 
The evaluation will be based on projections of the product impact on the 
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market and also on the production and distribution system. It will be used 
to compare the new product either against company's standard objectives 
or against similar products competing for limited facilities. The utihty of 
the product is obtained with respect to the factors that are conducive to its 
growth (e.g. potential market size, use of existing facilities etc.). Each 
factor has different level of possible achievements. The likelihood of 
making of achievements of various levels results in a probability 
distribution over the levels. The expected weight of each level is derived 
by attaching agreed weights to the levels. The factors themselves are 
weighted according to their relative importance. Sum of 'expected level 
weight * factor weight' over all factors gives an overall expected 
achievement or utility of the product. A full account of this approach has 
been given by O'Meara (1961) and King (1967). 
The utility measures of various products are helpful in ranking the 
product with respect to their viability to be taken up. However, this alone 
is not enough to make producers go for the products with highest utility 
measure unless the product is financially viable also. The financial 
viability of a product can be ascertained by various methods, the simplest 
being 'break-even' analysis. 
ii) Break-Even Analysis: 
A break-even analysis is based on the argument that a product should not 
be entertained unless returns from the sale exceed the cost of production. 
It may be noted that revenue from sale are directly propordonal to the 
amount sold, whereas the production cost consists of two components: 
Fixed Cost: (Set-Up Cost): It is independent of cost of number of 
units produced. Included in these categories are costs of advertising, 
setting up the production line, extra supervisory staff etc. 
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Variable Cost: It is dependent on the amount produced. Included in this 
category is cost of raw material, direct labour etc. 
A plot of 'total revenue' and 'total costs' against the amount sold 
demonstrates the break-even argument as in Figure 1.4. The break-even 
value, say, x is the point of intersection of the two lines. Theoretically it 
is the solution of 
F+Vx = Rx (1.23) 
given by 
F 
x= R-V 
(1.24) 
where. 
F : the fixed cost 
V : variable cost per unit produced 
R : sales price per unit 
Figure 1.4: Brealc Even Analysis 
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The drawback with the solution given by (1.24) is that both Fand V are 
not known at the time when decision to go ahead with the new product is 
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being made. This can be overcome by assuming costs as random 
variables whose distribution are estimated by subjective probabihties. 
The variability of the break-even point, measured by its standard 
deviation (adopting the formula for the approximate stjmdard deviation of 
a quotient) is approximately given by: 
nl/2 
Of ^ \iF<^V J 2\if(5fy 
(R-\ivf (R-l^v)"^ (R-\^vf} 
(1.25) 
where, 
fif,jj.y: means of F and V 
(Jf^tyy : standard deviation of F and V 
G^y : CO variance of Fand V 
A detailed account of this argument is given in Gregory, Piper (1979), 
1.6 Distribution Management 
Distribution management is about getting the right goods, to the right 
place at the right time for the least cost. An efficient distribution system is 
supposed to provide ultimate satisfaction at the final point of distribution. 
The focus is on making sure that goods and services are readily available 
at retailers' stores for the customers. This requires a' network of 
intermediaries (such as middlemen, distributors, agents, wholesalers etc.) 
and good transportation facilities. The main objectives of distribution 
management are to enhance sale and control the cost. The management of 
such a system encounters many of the problems brought about when men 
and machines are operating within the constraints of costs and time. This 
is one area of marketing which is very huge in tefms of efforts and 
application. 
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The problematic areas peculiar to distribution are: depot / store location, 
vehicle routing and inventory. The distribution management is concerned 
with the strategic location of depot or group of depots in economically 
suitable places. The objective is to select sites that maximize customer 
convenience as v^ell as the sales volume. As far as possible, depots are 
positioned well within the area where customers are grouped, so as to 
provide better services to customers. 
The second problem faced by distribution management is that of vehicle 
routing, that is, to find the best way of delivering from depot to the 
customers. The constraints in this regard are that vehicles have limited 
carrying capacities and can affect delivery within certain times of the day. 
The transportation by railways can be done in bulk shipment of goods for 
long distances but the process is slow. Sometimes damage of goods also 
occurs. The mode of transportation among available modes (such as 
truck, rail, air and waterway) is decided considering such criteria as 
speed, frequency, dependability, capability, availability, trackability and 
cost. 
Yet another problem of distribution management concerns inventory. The 
sales people would prefer to carry enough stock at depot to honour all 
customers' orders immediately. The management would need to know 
increase of sales and profit as a result of larger inventories. It has to 
balance order-processing cost and inventory carrying cost to have 
minimum average cost per unit. 
None of the above mentioned problems could be solved in isolation. The 
problems are inter-related, hence the need for an integrated solution. 
Apart from this, there is the problem of sales force, its size and mode of 
deployment so as to have a smooth and efficient distribution 
management. 
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Sales Force Models 
The most important purpose of sales force is to cultivate markets for the 
products. The effectiveness of sales force is determined by its ability to: 
a) convey information about company's products to the customers so 
as to enhance sales and 
b) provide market intelligence to the management for product 
development. 
Sales force models are supposed to provide answer to the following 
sequence of questions: 
i) How large should this sales force be? 
ii) How should sales territories be defined for the individual 
salesman? 
ill) How frequently should each account within a territory be visited? 
The unity of the answer lies in repeating the cycle, once an answer to (iii) 
is found. 
i) Size of the Sales Force 
The most popular criteria for determining size of sales force appear to be 
sales potential. In the method proposed by Semlow (1959) the region is 
divided into sales territories (one territory to each sales man). The sales 
achieved will depend on sales potential of that territory. In another 
approach given by Talley (1961), total workload in terms of number of 
visits is divided by the average times available for selling per salesperson 
to workout the required number. 
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ii) Sales Territories 
There are many ways to approach the problem of dividing region into 
territories. Easingwood (1973) proposed a manual approach of 
adjustment to minimize the difference between maximum and minimum 
workloads over all territories. A similar method was proposed by 
Fernandez (1974) for determining regions for teams of community 
nurses. Hess, Samuels (1971) used an elaborate approach involving use of 
GEOLINE Computer package. The region is divided into geographical 
units (e.g. municipal ward, postal area) each having a center with map 
coordinates (e ., xA j = 1,2,...,«, Each unit has workload aj 
representing the time (say in a year). 
Suppose that there are m salesmen, and therefore m territories. Each 
geographical unit is to be assigned to just one sales territory, starting with 
the set of m territoiy centers, {EIQ.NIQ), / = l,2,..,,m (e.g. homes, 
offices of existing salesman). Defme X^JQ as the fraction of the load at 
geographical unit center j assigned to territory /. Then 
m 
2]^//'o=i. y=i,-,« 
/=1 
^yO^O (1.26) 
The average call load per territory is 
1 ^ 
and to equalize workloads over territories, 
Y.^jXij^=~Y.^j,i = \2,...,m (1.27) 
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The optimizing criterion is the distance of the geographic unit centers 
from the territory centers. Here it is convenient and plausible to use a 
weighted squared distance of the form 
m n 
m^CijoXijoaj (1.28) 
where 
CijO=iEio-ejf-^(Nio-nj)^ (1-29) 
This is now a linear programming problem formulation. To overcome the 
contradiction of a solution whose values are not necessarily 0 or 1, and 
therefore of geographical units being split between sales territories, define 
^ujO =" '^ i^  ^ M/0 =T^ax(Xyo) 
i 
= 0,otherwise (1.30) 
Now recalculate the territory centers by 
Yu^ijO^j e
EijO~ (1-31) 
7=1 
n 
Nii=^ (1.32) 
n 
;=i 
This is the first iteration of a procedure transforming 
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The GEOLINE program for this procedure usually converges, but as a 
safeguard against this it is terminated after a prescribed number of 
iterations. Note that the activity a; may be call load or sales potential, 
and that the solution does not balance the load exactly between territories. 
iii) Frequency of Visits 
After deciding the size of sales force and allocating territory to each 
salesman the next important task is to determine the number of visits. 
Lodish (1971) has a method which assumes a form for the expected sales 
ri (xi) from account i, when Xf calls are made in a specific period, i.e. 
'•/ (Xi) = ri (0) + [rt (-) - n (0)K-^ [7 + Xiu] (1.39) 
where 
(T, 7 : are constant 
Ki (0) : sales when no visits are made 
ri (00) : saturation sales when unlimited visits are made 
The parameters are determined uniquely with agreed value of sales 
response for four values of x/. The maximum value of x^  represents 
number of visits to i^ geographical unit in the territory. The procedure is 
computerized in a package called CALLPLAN (Lodish, 1971). 
Depot Location 
Depots are intermediate stage between the manufacturing plant and the 
customer. There are a number of variants on the basic location problem 
such as locating one or more depot to augment company's current system. 
The treatment of the problem depends on the scope of optimization. It can 
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either be assumed that choice of location is restricted to a known finite set 
or any point in region may be used as a depot location. In practice some 
compromise between the two approaches is followed. Suppose optimum 
location is to be found using 'infinite set' approach. Suppose there are 
m - 1 depots serving n customers. A further depot is to be introduced at 
minimum cost location. The distance between the factory (which is Depot 
1) and the Depot j is Dj, where 
.2 . r.. .. N2 11/2 D y = [ ( M y - i / i ) ' + ( v y ~ v i r j ' (1-33) 
the coordinates (w;,v;) representing the location of any depot .The 
distance from Depot j to customer / is 
^y = '•'--.-T^'f l(uy-xO"+(V;--^0 J (1-34) 
where {Xj ,yj) represents the location of the customer /. 
Suppose further that b is the cost per kilometer and c is the cost per 
individual delivery. Let kj tonnes be the amount to be delivered to 
customer i. 
Now define an allocation by the variable a^j, where 
aij = 1, if customer / is allocated to depot ;" 
= 0,otherwise (1.35) 
It follows that 
aij(aij~l) = 0 (1.36) 
and, also, since each customer is allocated to only one depot, 
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m 
The problem is therefore to minimize 
C=S^/SK+rfyK (1-38) 
over the a/,-variables, and u^ and v^ subject to the constraints of the 
equations (1.34) and (1.35) on the a,-,-variables. The constraints can be 
incorporated by use of Langrange multipliers, but this requires the 
solution of 2mn + n + 2 equations of which 2mn + 2 are non-linear. The 
solution can be carried out by an iterative procedure. This is as follows: 
a) Assume an allocation pattern. 
b) Optimize the location of depot m within this pattern, 
c) Find the optimum allocation for the m depot locations determined 
by (b). If this is the same allocation used in (b), it is the optimum. 
If not return to (b) with the new allocation. 
1.7 Consumer Buying Behaviour 
In the discussion we follow^ ;^'consumer behaviour' to mean 'consumer 
buying behaviour'. Consumer behaviour is the study of ''what makes 
people buy goods or services', through a systematic examination of their 
attitudes, beliefs, motives and decision-making processes. As observed by 
Robertson, Ward (1973) and Walters (1979), early 1900 writers were of 
the opinion that advertising could be used to affect behaviour of buyer. 
Even scholars like Smith, Marx, Richardo, Malthus and Keynes were 
concerned with demand only so that the thrust was on finding 'what 
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people wanf and not on 'why they want it'. It was Katona (1960,1964) 
who suggested that consumer behaviour could be better understood if 
concepts of psychology and economics were combined. Nicosia (1966); 
Engel et al. (1968); Howard, Seth (1969) concentrated on models based 
on wide ranges of buying behaviour. These models have given the new 
dimension of viewing consumer problems and demonstrated new 
methodology to approach them. 
There are some market managers who believe that research in consumer 
behaviour has so far been very academic in nature. According to them, 
the studies lack the understanding of the nature and priorities of consumer 
behaviour. However, others believe that, systematic research in learning, 
perception and attitude is well in progress. 
Given below are some formal definitions of consumer behaviour: 
i) All psychological, social and physical behaviour of 
potential customers as they become aware of, evaluate, 
purchase, consume and tell others about product and 
services (Thakur, 1993). 
ii) Consumer behaviour refers to the acts of consumers in 
obtaining and using goods and services and the decision 
process that determines these acts (Engel et ah, 1996). 
iii) Consumer behaviour is the study of the decesion-making 
units and the processes involved in acquiring and consuming 
of goods, services, experiences and ideas (Mowen, 1999). 
iv) The term consumer behaviour refers to the behaviour that 
consumers display in searching for, purchasing, using, 
evaluating and disposing of products and services that they 
expect will satisfy their needs (Shiffman, Kaunk 2000). 
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v) The study of individuals, groups or organization and the 
processes they use to select, use and dispose of 
products, services, experiences or ideas to satisfy needs 
and impacts that these processes have on the consumer 
and society"(One official definition).^  
Consumer behaviour can be broadly classified into two categories: 
quantifiable and non-quantifiable. 
Non-Quantifiable Aspects of Consumer Buying Beiiaviour 
A consumer buying behaviour is mainly influenced by cultural, social, 
personal and psychological factors. Most of these factors are either 
difficult to quantify or even if quantified through categorization etc. are 
not easily amenable for mathematical modeling. Such factors may be of 
the following types: 
Socio-Cultural Factors 
Culture, sub culture and social class are particularly important influencing 
factors in consumer-buying behaviour. They are the most fundamental 
determinants of a person's wants. However, it is difficult to quantify the 
extent to which an individual's or a group of individual's buying 
behaviour is affected by these factors. 
Personal Factors 
A buyer's purchase decisions are also influenced by personal 
characteristics that vary from person to person. These include the buyer's 
age, life-style, personality and self-concept. 
• http://www.LarsPemers.com 
http://www.consumerpsychologist.com 
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Psychological Factors 
Major psychological factors such as motivation, perception, learning, 
beliefs and attitude also influence consiuner-buying beahviour. It also 
mcludes the 'vulnerability' of a person or a group of persons to outside 
influences and stimulants, such as advertisement or promotional 
schemes. Out of the above-mentioned factors, cultural factors have the 
broadest and deepest influence (Kotler, 1999). There are a number of 
other factors that contribute significantly to the buying decisions but are 
difficult to quantify such as socio-economic status, religious beliefs, and 
regional bias etc. In view of the importance of these factors, there is a 
growing interest in studying the effect of such factors. The detailed study 
on the basis of classification data may sometimes prove fruitful. 
Several articles suggest that purchase behaviour is the culmination of the 
consumer considering three questions: " Should I buy the category on this 
shopping trip?", " Which brand should I buy?" and " How much should I 
buy". There are empirical findings that most of the action occurs in the 
brand choice component followed by incidence and then quantity. 
Although these articles propose a variety of modeling and estunation 
solutions, they all focus on the simultaneity (or lack thereof) of the asking 
and answering of these three questions (cf Gupta et al 1996). 
Researchers agree that the questions asked and the resultant answers are 
not independent. The issue is one of degree. Most of the articles explicitly 
recognize that the brand choice (what) and the purchase incidence (when) 
questions are inextricably liiiked. For example, it is easy to imagine 
purchase situations in which the consumer notices an attractively priced 
brand and then makes the "when", "what", and "how many" decisions 
simultaneously. Alternatively, consumers sometimes come to the store 
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already planning to buy the category; incidence is ensured and only 
"what" and "how many" are in question. 
Chiang (1991) forcefully argues that the answers to all three questions are 
governed by the same underlying force-namely, a utility maximization 
process that is driven by the difference between the price-adjusted quality 
of each of the brands and the consumers' threshold reservation price. The 
bigger this difference, the greater the probability of purchase incidence 
and brand choice and the greater the quantity purchased. Although 
Chiang's structural approach is appealing, it is believed that the answers 
to the first two questions are linked more closely to each other than either 
of them is to the quantity decision. 
How do consumers decide how many units to buy? Whereas prior 
research on consumer purchases has focused primarily on purchase 
incidence and brand choice, the purchase quantity decision focuses on the 
psychological process. A simple anchoring and adjustment model 
describes how consumers make purchase quantity decisions. 
Assel(1987) has given four type of consumer-buying beahviour : 
1) Complex Buying Behaviour: This involves a three-step 
proces. The buyer first develops beliefs, followed by attitude and 
finally makes a thoughtful choice. 
2) Dissonance Buying Behaviour: The buyers of expensive, 
infrequent and risky item might develop dissonance noticing 
disquieting features of other brands. The consumer will be alert to 
information supporting his/her decision. 
3) Habitual Buying Behaviour: Some consumers keep 
reaching for the same brand out of habit under condition of low 
involvement. 
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4) Variety-Seeking Buying Behaviour: Some low involvement-
buying situations are characterized by significant brand differences. 
The consumer does a lot of brand switching. 
Consumer Behaviour and Repeat Buying 
Consumer behaviour is the behaviour displayed by consumers in 
searching for, making use of, evaluating and disposing of products and 
services that they expect to satisfy their needs. This includes pre-purchase 
needs and attitudes, experiences based on consumption and external 
factors such as advertising, promotion, retail availability and discussion 
together with packaging, formulation and pricing and post purchase 
evaluation and feeling of satisfaction. The manufacturers of goods 
recognize the fact that a variety of people are involved in buying and use 
of products and services. The survey is conducted to find out broadly the 
number of buyers and the quantity they buy. It is found that some 
consumers buy the brand product frequently indicating bulk of sale to 
small proportion of buyers. The data also indicate that all the needs of 
buyers are not satisfied by a brand and buyers buy other brand also 
(Brown, 1952)^ . Some of the buyers account for fresh buying. This brings 
out the concept of repeat buying. Repeat buying is any situation where a 
person buys the products more than once. Usually it involves fast 
moving, low-priced products that are bought frequently (e.g. grocery 
items, drinks, soaps, toiletries etc.) by the consumers having different 
needs, taste, buying capacity.values and preferences. 
Consumer purchase situations are characterized by different brands, 
products, outlet, purchase frequencies, risk, costs, and different purchase 
occasions. In repeat buying the same person buys the products or services 
7 
. Brown, G.H. (1952): Brand Loyalty Fact or Fiction, Advertising Age, June 1952. 
35 
again and again in a time period of a week, a month or a year. The 
resultant of study of repeat buying of any item which is bought frequently 
shows a pattern. This, within a broad limit follows a common pattern of 
brand or products. This includes altemative brands the buyers may or 
may not have bought. It makes it possible to establish theories and 
develop statistical models. 
Brand Switching And Its Implications 
The manufacturers of goods are most concemed with satisfaction of 
needs and wants of consumer goods. Consumer oriented approach to 
marketing is being increasingly used to achieve success by companies. 
They recognize that ultimate criteria for a product success is its 
acceptability in the marketplace. Data are collected so as to enable the 
marketer to separate sales into two components: 
a) number of buyers and 
b) how much they buy. 
The data also show that buyers of a brand do not necessarily satisfy all 
their needs through one brand, but tend to buy other brands as well. This 
was one of the several points first documented by Brown (1952). It 
appears that brand alone is not enough to keep all its buyers. Some 
customers are brand loyal and they buy the same product again and again. 
But the trend of brand loyalty seems to be fluctuating (Ehrenberg, 1996). 
Some studies have indicated that there is little difference in demographics 
among consumers who are brand loyal and those who are not and do 
brand switching (Shiffinan, Kaunk, 2000). 
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Marketing managers are concerned with growing trend towards brand 
switching. Among the reasons for this trend are consumer boredom or 
dissatisfaction with a product, the dazzling array of new products that 
constantly appear in the market-place and an increased concern with 
price. Well-established brands command premium prices, a strategy 
which is at odd with the new forces or lower priced value brands. Some 
buying situations are characterized by low-involvement but significant 
brand differences and induce variety-seeking consumers to do a lot of 
brand switching. Many firms do so by offering lower prices, deals, 
coupons, free samples and advertising that presents reasons to do 
something new. A novel method is to have different levels of the same 
brand (e.g. a soap may be branded as 'popular', 'luxury' and 
'intemationar) so as to cater different taste and preferences. 
Several marketing implications flow from increasing trend of brand 
switching. The first question of course, for the marketers attempting to 
attract more brand loyal customers and to discourage brand switching is 
the flexibility of segmenting this group. Marketers need to successfully 
attempt to discern characteristics of brand switching customers (Louden, 
Delia Bittal993). 
Wind (1977) has proposed matrix incorporating attitude and behaviour by 
which the marketers may assess brand's vulnerability. 
In order to induce brand switching among loyal customers the marketer is 
likely to require more fundamental changes in consumer perceptions and 
attitudes. Significant revision in product image is therefore necessary 
(such as revamped promotional program). Marketing strategy need to be 
framed to increase the yield from the organization's best customers by 
developing a long-term interactive value-added relationship. 
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CHAPTER 2 
BETA-BINOMIAL PURCHASE INCIDENCE MODEL 
2,1 Introduction 
The problem of the number of purchases, made in a given time interval 
for an item, or a particular brand of it, has been of considerable interest. 
The study of number of purchases may be made for different purposes. 
For an existing product it may be used to maintain an efficient supply 
chain so that there is neither a shortage nor a glut of the item in the 
market. For a new product, or a new variety of some existing product, this 
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may be useflil in arranging the production level so that there is neither an 
idle inventory nor a need for emergency production. For a new product, 
either a trial run may be made to obtain the data or the data available for 
some existing parallel product may be used, as it is often necessary to 
evaluate a new product at an early stage. For details one may consult Fitz 
Roy (1976) and Elirenberg (1988). 
Elirenberg (1972) has suggested a Poisson distribution model for number 
of purchases made by a given consumer, in successive time intervals. 
Poisson distribution, as we know, has an infinite set of possible/values. 
Hence, according to Elirenberg, a c'onsumer may, at least theoretically, 
make an infinite number of purchases during a given finite time period. 
Not only tliis, average number of purchases may also be infinitely large, 
as the parameter of a Poisson distribution has the only condition to be 
greater than'zero. However, the number of possible purchases, howsoever 
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large it may be, always has an upper limit. This limit can be fixed either 
from past experience or from theoretical reasoning. In view of this, it is 
felt that a Binomial distribution shall be more appropriate than a Poisson 
distribution. 
It is highly unlikely that all the consumers in a population behave in a 
same way. However, there may be segments of population, such that, 
consumers in a given segment shall behave in a similar fashion. In view 
of this fact, Ehrenberg (1972) assumed that a population in general is 
heterogeneous, consisting of homogeneous subgroups with difference in 
their purchase rates. He, therefore, assumed the parameter of the Poisson 
distribution itself to be a random variable, so that a particular value of X 
shall represent a particular subgroup. Having observed that a Binomial 
distribution shall be a better alternative, purchases by a randomly selected 
consumer from a particular segment of the population, in successive time 
intervals, can be regarded as independent Bernoulli trials. We, therefore, 
assume that the number of purchases made by a consumer in a given 
segment, over n successive time periods taken together, follows a 
Binomial distribution with some p. This p, the probability of making a 
purchase in a small time interval, shall vary for various segments of the 
population. Hence, it is reasonable to assume this p itself to be a random 
variable. 
The results presented in the next section enable us to fit a suitable 
distribution to the number of purchases by a randomly selected consumer 
for non-durable items for which repeat buying is a common practice. 
2.2 Distribution of Number of Purchases 
For a given p and fixed n, maximum number of purchases possible 
during a larger interval, consisting of n smaller time intervals, cannot 
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exceed n. This is so because each small time interval is so defined that 
either an item is purchased during this interval or there is no purchase. If 
p be the probability of making a single purchase in a smaller time 
interval, so that np be the average number of purchases in the larger time 
interval (equal to n smaller time intervals), then the probabihty of 
randomly selected consumer purchasing r units in the specified larger 
time interval is given by: 
P(/-|;?)="C,p'*g'^-^r = 0,l,...,/^ (2.1) 
For example, If /? = 0.5 i.e. the probability of making a purchase in a 
small time period is 0.5, so that the probability of making no purchase in 
that interval is also 0.5, the probability of making no purchase during 
two successive small intervals is 0.25 and the probability of no purchase 
during three successive time-intervals will be 0.125. At the same time, 
the mean number of purchases during one, two and three successive time 
intervals will be 0.5, 1 and 1.5 respectively. Thus the probability of no 
purchase during intervals increasing in size (by considering successive 
time intervals taken together) decreases but the average number of 
purchases increases. 
"•'... r. ir h -'rS---^'' to be random variable, following a Beta distribution, 
which can be written as: 
B{a,b) 
where, 
a and b are the parameters of the distribution and B{a,b) is the 
beta function. 
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Given these two assumptions, the distribution of^purchases across the 
consumers in a given time period can be obtained as follows: 
P{r) = llP(r/p)f(p)dp 
^ C^ n^ r_n—r_a—\n r.^^~l 
B(a,Z?)-'0 
1 
\'''C,/q''-'p''-\l-pf-'dp 
B{a,b) ''Cf.Bia + r.n + b-r) 
^n^ T{a-Yr)T{n + b-r)T{a + b)_ 
'' T{a + b + n) TaVb 
= ^"-^'^ , ^ ^ ^ , r = 0,l,...,n (2.3) 
The form of distribution is similar to that of a Hypergeometric 
distribution. However it differs from Hypergeometric distribution 
considerably as the division into two components of the population is not 
fixed, as can be seen from the expression (2.3). In order to obtain the 
estimates of the two parameters of the distribution we need two equations 
involving some statistics from the sample data. It is very difficult to find 
an efficient estimator for the two parameters. Even if those estimators 
were available we will need 'complete' data i.e. the frequency with which 
different numbers of items are purchased in a fixed time interval, which is 
not always practicable. 
2.3 Estimation of the Parameters 
Having noted that efficient estimators are difficult to find, we propose to 
obtain tbe estimates of a and Z? by the following methods that are based 
on data that may be easily available and have some intuitive appeal. 
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i) Estimation Based On 'Partiai' Information 
Let P(0) and P{n) be the proportions-of customers making no purchase 
and maximum number of possible purchases during the fixed time 
intervals consisting of n small time intervals. Treating these values as 
probability of no purchase and probability of maximum purchase and 
noting that 
f (? t )_a(a + l)(a + 2)...(a + n - l ) 
7 ( 0 ) " i?(Z7 + l)(Z? + 2)...(Z? + n - l ) 
we get an equation in two unknowns. Instead of trying to solve this 
equation we fix n, a and h. For selected values of these parameters, 
tables have been prepared^ giving the values of P{n)/ P(P). For a fixed 
value of n, we look into the body of the corresponding tables and locate 
the value closaitTto the observed value of P(n)/P{0) and the 
corresponding values of a and b shall be the estimates of the unknowns 
(see Table: 2.1,2.2,...,2.15). 
It is easy to see that there are no unique values of a and b. Noting down 
all possible passing values of ia,b), we shall find P(0) and P(n), using 
each of the pairs. The pair (d,b) that gives closest value to the observed 
value shall be the 'optimum' estimator. Thus (a,/?) will replace a and b 
in (2.3). 
ii) Estimation Based on IVIean, P(0) and P(l) 
In case complete data is available, or the mean number of purchases is 
known along with P(0) and P(l), probability of no purchase and one 
purchase respectively, then we may use the following equations: 
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Note that £(/?) = £ ^^^^^ 
=. X = ^ (2.4) 
P(l) na 
Also, = = u (2.5) 
P(0) n-bb-l 
Solving (2.4) and (2.5) we get unique values of a and b as given below: 
ux(n -1) 
a 
b = 
{x ~u)(n — x) 
u{n — l) 
x-l 
Hi) Estimation Based on P(0),P(1) and P(2) 
As an alternative, we may use P(0) ,P(1) and P{2), the probability of no, 
one and two purchases respectively. Note that: 
P(l) na , 
u = = , and 
P(0) n + b~l 
P(2) (n-l)(a + l) 
v = - ^ = - ^ (2.6) 
P(0) 2(n + b~2) ^ 
These two equations can be re-written as follows: 
na -ub = u{n-l) 
(n-l)^-2vZ? = 2v(n-2) - (n - l ) 
Solving these two simultaneous linear equations we get unique solutions 
of a and b. 
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2.4 Simplification of the Model 
Computation.will be simplified a lot if we let b = l so that there is only 
one parameter in the model. In view of the symmetry of the Beta 
distribution with respect to a and b, it will not make mtich difference if 
we let a=\. Letting b = l reduces the Beta distribution to its special case, 
which is known as Power distribution. This distribution, being a special 
case of Beta distribution, retains most of its statistical properties. 
However, with this assumption we have, 
= - ^ ^ " C . 5 ( f l + r, n +1 - r) 
^n^ r (^ + r)r(n + l - r ) ( r a + l) 
'' r (a + l + n) Va 
^^,r = %\,...,n (2.7) 
n-\-a Cn 
Now that we have only one parameter, we may estimate it by single 
statistic. In this case, the distribution is completely specified if the value 
of a is known, (of course n is assumed to be a fixed constant). If we 
have the proportion of consumer making no purchase during the n 
specified successive time intervals, then the value of a can be obtained 
by solving the equation: 
P(0) = ^ 
This can be done by using a Trial and Error Method. 
In case P{n) = P{0), we may use P(0) only. Also, there may be a 
practical difficulty in obtaining the proportion of the customers making 
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maximum number of purchases. Hence even if P(n) ^ P(0), or we have 
no information about P{n), we may adopt this revised model. 
Table 2.14 can be used to find an approximate value of a. The table gives 
the value of P(0) for a few selected values of n and a. For a fixed n 
and observed value of P(0), the table provides an estimate of a. Using 
this estimated value of a, P{r) can be computed, using (2.7) .For 
example, consider the six days of a week as the specified time-interval 
during which an item can be purchased atmost once a day i.e. n = 6. If it 
is observed that approximately half of the relevant population makes no 
purchase during these six days, i.e. P(0) = 0.50 then the estimated value 
of a = 0.3. Hence 
_. . (0.3)(6!)r(/- + 0.3) 
P(r) = , r = 0,1,2,....,6 
r!r(7 + 0.3) 
To further simplify the model let a = b = l in (2.2); then / ( p ) = I, 
0 < p < 1, which is a uniform distribution .It is equivalent to assuming 
prior ignorance about p. Using this distribution, the unconditional 
distribution of number of purchases comes out to be 
P ( r ) = ~ ^ , r = 0,l,2,...,n 
n + 1 
which is itself a discrete uniform distribution .This is equivalent to saying 
that if no prior information on p is available, then the probability of any 
number of purchases is the same. 
For computational purposes it may be convenient to use the expressions 
for P{r) given in terms of Gamma functions, for fractional values of a 
and b. 
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2.5 Discussion 
The problem of consumer buying behaviour can be looked upon in many 
ways. Ehrenberg (1972) considered frequency of purchases of an item to 
study the buying behaviour across the consumers. He assumed a Poisson 
distribution for the number of purchases in a given time period and a 
Gamma distribution of heterogeneity of the purchase-rate. Schmitdein, 
Morrison and Colombo (1987) considered the problem of counting and 
identifying those customers that are still active. These authors considered 
Poisson distribution for number of purchase along with Exponential 'Life-
time' and Gamma distribution for heterogeneity across customers as well 
as of 'Death-rates'. (A customer who is still active is termed as 'Alive' 
and a customer who has left, for whatever reason, is termed as 'Death'). 
This study can be regarded as an extension of Ehrenberg (1972). 
Recently Allenby, Leone and Jen (1999) studied the inter-purchase time 
across the customers by using Generalized Gamma distribution and 
Inverse Generalized Gamma distribution. Noting that the purchase-rate is 
the reciprocal of the inter-purchase time, this study is an extension of 
above- mentioned studies. 
The basic assumption, conomon to all the above-mentioned studies is the 
Poisson distribution. As pointed out in the beginning of this artiel67 
assumption of a Poisson distribution is equivalent to saying that an 
infinite (or infinitely large) number of items can be purchased during a 
finite time period. Given a situation when this is unlikely to happen, the 
assumption of the Binomial distribution is a bettet option. Beta -= 
distribution has been considered to take care of the heterogeneity in view 
of the fact that it is a natural conjugate of Binomial distribudon. 
Derivation of the results, as well as their application, J5^ simple and 
straightforward. 
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CHAPTERS 
A BAYESIAN APROACH TO PURCHASE INCIDENCE IVIODEL 
3.1 Introduction 
In chapter 2, we have proposed and discussed 'Beta-Binomial purchase-
incidence model' as an altemative to the *Gamma-Poisson model' that 
was proposed by Ehrenberg (1959). While doing so, we have emphasized 
that Poisson distribution has an infinite set of possible values which does 
not fit well with the possible number of purchases in a finite interval of 
time. However, it is to be noted that as n increases. Binomial distribution 
can be easily approximated by Poisson distribution by letting np = X. 
Hence there is a justification for using Poisson distribution for large n 
(where n is the maximum possible purchases during the sufficiently large 
fixed period of time) and p sufficiently small. It is also to be noted that it 
is the 'behaviour' of average number of units of the items purchased that 
is more important than the probability distribution of number of 
purchases during a given time-period. It is so because policy decisions 
regarding production, shipment and inventory etc. are more likely to be 
influenced by the average number of units purchased by a randomly 
selected consumer during a given period of time. Further, sometimes it so 
happens that some 'prior' information about the 'pattern' of 'average 
purchases during a fixed time-period' is either available or may be easily 
obtained. While it may not be advisable to totally depend on such 'prior' 
information, one would not like to totally ignore it too and depend upon 
the 'sample-values' only to make a decision about the behaviour of the 
consumers with respect to their purchases. However, the sample values 
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must contribute towards a decision, albng-witii the prior information. We, 
therefore, propose a Bayesian study of the problem so that the average 
purchase rate, across the consumers, is obtained, giving due weightage, 
not only to prior information about the purchase incidence but also to the 
observed sample values. However, we keep the assumptions made by 
Ehrenberg (1959) in mind, i.e. 
i) purchases by a given consumer in a given time interval follows a 
Poisson distribution with some mean X and 
ii) X may be different for different population segments (this 
segmentation may be geographical, social or economic). 
iii) We also keep the assumption that % follows a Gamma distribution 
with parameter (a,P). This assumption is valid because of its 
flexibility to include varying forms of the probability curves 
through values of (a, P) that may differ from 'region' to 'region'. 
With the above mentioned assumptions, we obtain the Bayes estimator of 
X, study its statistical properties and show that it can be put to a better 
use than the probability distribution of number of purchases during a 
given time period. Section 3.2 contains the derivation of the main results. 
The application of the main results has been discussed in section 3.3 and 
an illustrative numerical example has been given in section 3.4. 
3.2 Bayes estimator 
Bayes estimator of an unknown population parameter is obtained by 
combining the 'prior' mformation about it with the information contained 
in the sample values. If a random sample of size n is to be taken from a 
population with pdf /(A:|0), where G is the unknown parameter having a 
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*prior' pdf gi^) then the 'posterior' pdf of 0, given the sample values 
where fi isthejointpdf of (^X,X2>**s^n;9)3nd /2 is the marginal 
pdf of (X], X2, • • • > -^ M) • Obviously /2 may be obtained by integrating 
with respect to or summing over 6. The Bayes estimator of 0, under 
squared-errof loss function is given by its posterior expectation. 
Let X X X„ be a random sample of size n from a population that 
follows a Poisson distribution 
P{X^x\X)=^—^, ;c = 0,l,2, (3.1) 
Assuming that A, itself is a random variable, following a Gamma 
distribution vvith probability density function 
/(X) = -^ ,a,PA>0 (3.2) 
the joint probabiUty density function of {Xi ,X2,--',Xy^\X)/m view of 
n 
their independence, is given by ]n[-P(^i = x^ \'>C)f{X). The posterior pdf 
/ • = 1 
of X, is, therefore, given by 
f{P{Xi=x,n)f{X) 
h(Xix^,x^,,...,xJ== '=1 
cc „ 
lllPiX = Xi \X)f(X)dX 
o/=i 
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00 
0 '=1 
rix,-+p ,A.>0 (3.3) 
The Bayes estimator of X, under squared error loss function, is obtained 
by taking the posterior expectation of X i.e. 
= j Xh(X\ xi,X2,....,Xn)dX 
n-\-a n + a 
(3.4) 
The Bayes estimator of X, is, therefore given by X = - , where 
n + a 
T =^Xj. Noting that T follows Poisson distribution with parameter 
1=1 
nX, straightforward computations yield 
« + a 
MSE(X) =E(X~xf 
(rt + a)^ c^ vul |3 , 
Since £(A) -> A and MSE{X) —> 0 as « -> oo, the Bayeskcri Estimator A, •^ =' 
is consistent. It may be noted that X is not unbiased. However, the 
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following point is worth noting: 
If no prior information is considered then X is estimated by T/« ' . If only 
prior information is to be believed then the minimum variance unbiased 
A 
estimator of A, is 'p /a ' . Thus the Bayes estimator X^ 7: lies 
n-\-a 
somewhere in between these two estimators. Hence , if one of these 
estimators over-estimates X and the other under-estimates it, X may be a 
compromise between the two , therefore , more likely to be closer to the 
true value of X. In the worst possible scenario, if both T/w' and 'p/a ' 
either over estimates or under estimates A,, X still remains a compromise 
between the two. 
3.3 Application 
Since the important marketing decisions are almost always based on 
average number of possible piurchases, we can make use of the Bayes 
estimator as follows: 
i) Some information is obtained about(a, P). 
ii) Random Sample is taken to obtain average number of purchases 
during a fixed time interval. 
iii) Using the prior information and the sample values, the Bayes 
estimator X may be obtained for a single time period. 
The supply or the production schedule then may be so arranged that it can 
meet the expected requirement of the region for the number of time 
periods for which production or supply chain is being planned. 
In case there are two or more distinct sales territories having customers 
with different buying behavioiu ,^ we may proceed as follows: 
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Suppose there are k sales territories for an item, with potential customers 
numbering Ni,N2,'--,Nk- ^h^ set of estimates (a/, p/) is obtained for 
the / sales territory, either using past data or through subjective 
decisions of the personnel involved in sales management. Random 
samples of sizes W], «2 >'"' > '^ A ^^ taken in the sales territories yielding 
W 7=12•••,«•/=12,---,;tl' where Xu indicates the number of piu:chases 
made by ] customer in / territory. Let Ti = ^-^y be total purchases 
J 
made by all the sampled customers in / territory. Using 7} and (a,, p/) 
A /J-
we estimate Xi for / sales territory. The aggregate demand for the 
enthe sales-field is then given by ^ = 2] ^ / * ^ i' ^^^ ^ single tune period. 
If the same is required for p time-periods, then it is given by pA, 
assuming that the situation is not likely to undergo any significant 
changes during these p -periods. A review may however, be made after a 
certain number of time periods; atleast for the estimates of (a,-, p/). 
3.4 A Numerical Illustration 
M/S Fresh'n Green Limited are relatively new entrant in the ftozen-food 
market. Their product *fi:ozen-mixed vegetable' is on the verge of 
maturity, having established a regular demand. Of late, the company is 
getting reports of demands being not properly met: sometimes some sales 
persons return with 'packets not requhed' from some areas whereas at 
some other time or from some other place there is a report of 'under-
supply'. In order to stream-line the supply chain the management has 
decided to estimate average monthly requirement for the entire sales 
67 
territory. The management entrusted the job to their wholesale agencies 
in various states who in turn asked their local stockiest to collect the 
relevant information. 
hi a particular city, the local stockiest decided to divide the whole city 
into four distinct sales regions: Old City(Ri), Civil Lmes (i^ 2)» 
Industrial Area (i?3)and the suburbs (-R4)' Each region is assumed to be 
homogeneous with respect to the purchase behaviour of the customers 
within it. 
Acknowledging the importance of the role played by the retailers in 
maintaining the supply chain, the management wanted to give due 
importance to their views. Retailers informed that each customer 
represents one household so far as the purchase of this particular item is 
concerned. Also, each customer is likely to make atmost one purchase a 
day. Retailers were asked to ^guesstimate' the average number of packets 
purchased by their customers per month. The figures given by retailers 
were in the form 'a±b' where ' a ' indicated the average number of 
packets purchased by a customer and * b' indicated possible variation 
such that {a-b,a+b) covered approximately 95% of the customers. 
Statistically speaking * a' may be regarded as 'mean' and ' 6' as *two-
times standard deviation*. The data complied on the basis of the 
information obtamed from the retailers is presented in Table 3.1. 
Table 3.1: Retailers' information 
Ni 
M, 
SDi 
R\ 
10 
4 
1 
^ 2 
6 
10 
1 
i?3 
4 
15 
1.5 
^4 
5 
8 
2 
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.(h 
Where, 
Ni: Number of house holds (in thousands) served in the /'" region 
Mj: Mean number of packets purchased by a randomly selected 
customer per month 
SDj: standard deviation of the number of purchases 
The information contained in Table 3.1 being totally subjective, it is 
decided to hold a sample survey to assess the consumer requirements. 
The results obtained are given in Table 3.2. 
Table 3.2: Information obtained through sample survey 
"/ 
^/=E^/y 
IVlean 
^1 
40 
166 
4.15 
^2 
25 
212 
8.48 
. ^3 
25 
316 
12.64 
i?4 
40 
262 
6.55 
yljere. 
«/ : Sample size for the / territory j 
Xy : Number of packets purchased per month as repeated by 
/customer in / region. 
Tj : Total of sample values fi:om / territory 
Mean : TJ/HJ 
Sample size is approximately proportional to the number of 
households served * S D;. Thus we have a stratified random 
sampling with optimum allocation. 
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If the management was to go by the information presented in Table 3.1 
the total requirement for a month, with a 95% confidence level, would 
come out to be (in thousand packets): 
A=10(4±2)+6(10±2)+4(15±3)+5(8±4) 
=200+64 
On the other hand if the management decides to rely upon the proper 
statistical data given in Table 3.2, the total requirement for a month works 
out to be( in thousand packets): 
A=(10*4.15)+(6*8.48)^+(4*12.64)+(5*6.55) 
=175.79 
The Management decides to make use of the information available 
through both the sources and hence Bayes estimates are obtained by 
converting the information in Table 3.1 in a suitable manner. For this, we 
assume that the mean number of packets purchased by a customer follows 
the pdf given by (3.2). Using the method of moments, we note that 
M = p/a mdSD = a? ^a =M/iSDf and P =M^/{SDf . 
The derivation of Bayes estimator is given in Table 3.3. 
Table 3.3: Bayes estimates 
A, 
a 
X 
MSE 
i^ 
4 
16 
" 4.136 
0.0856 
^2 
10 
100 
8.914 
0.27819 
Rs 
6.67 
100 
13.135 
0.4804399 
R4 
2 
16 
6.714 
0.155995 
Going by the Bayes estimatesf the total requirement for the entire sales 
territory comes out to be (in thousand packets): 
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As =Y,Ni{i±2^MSE) 
=i0(4.136±0.563)+6(8.9I4±1.055)+(l'3.i35±1.386)+5(6.714±0. 
790) 
=180.954 + 21.454 
Similar information is collected from various cities and consolidated for 
proper planning of production, supply and other marketing decisions. 
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CHAPTER 4 
A NEW APPROACH TO PURCHASE INCIDENCE MODEL 
4,1 Introduction 
In chapter 2 and 3 we have discussed the consumer bahaviour as reflected 
by the number of items purchased by a randomly selected consumer 
during a randomly selected time-period. This information may be used to 
estimate the future demand so that the production is sufficient and the 
distribution system is properly arranged. Also, it may be used to identify 
the areas where some effort is needed so that the demand is increased. 
The studies carried out so far have been based on the observations made 
on the number of items purchased by randomly selected customers during 
some randomly selected time periods .In one of the earher studies, 
Ehrenberg (1959) in particular, has used Poisson distribution for the 
number of purchases and assumed the mean number of purchases itself to 
be a random variable that follows a Gamma distribution. Combining the 
two distributions, the unconditional distribution of number of purchases 
by a randomly selected customer has been shown to follow Negative 
Binomial distribution. As an alternative we have proposed and studied 
Beta-Binomial model in chapter 2 and a Bayesian approach in chapter 3. 
While the results are mathematically elegant, their application is not so 
straightforward. In the latest study, Allenby; Leone and Jen (1999) have 
used Generalized Gamma distribution in place of Gamma distribution. 
While results have been mathematically more elegant, application has 
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become a bit more complicated. Following points are to be noted in this 
respect: 
i) Obtaining the data in the required format is difficult. The data is 
supposed to be in the form of frequency distribution of number of 
purchases. Although, the number of item purchased by a customer 
at the end of the day may be ascertained from the records, it is very 
difficult to find out the number of customers making no purchase. 
Hence the difficulty in finding the frequency of zero purchases. 
ii) Even if we try to obtain the frequency corresponding to zero 
purchase by subtracting 'the number of those customers who 
purchase at least one item' from 'the number of all the customers 
that visit the shop that day', the frequency so obtained may not be 
very reliable because the number of potential customer of that 
particular item is not necessarily the same as the number of all the 
persons visiting the place. 
iii) The estimation of the parameters as proposed by Ehrenberg (1972) 
depends on the frequency of zero purchases (along-with the 
average number of purchases). In the absence of this frequency 
some alternate method of estimation is required. Such a method 
may be more cumbersome than the one proposed by Ehrenberg. 
For example, if we make use of the method of moments, there shall 
be two simultaneous transcendental equations in two unknowns 
with no straightforward solutions available. 
iv) In case Beta-Binomial models, sometimes there is no 'unique' 
solution as the sample values may lead to a number of 'possible* 
solutions and finding the 'best-one' is itself quite a job. 
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We propose a method that deals with the problem in a different way. Not 
only the method is simple and straightforward, the data required is 
comparatively easy to obtain. The data is obtained by finding out the 
number of time-periods a customer has 'skipped' before making a 
purchase. The time-span is such that only single purchase is possible 
during it. By doing so we are considering only those of the customers that 
actually make a purchase. The data may be obtained at randomly selected 
different places and/or randomly selected different time-periods to make 
it doubly randomized sample. 
4.2 Bayesian Purchase-Incidence Model 
Consider a situation where the item under consideration _ may be 
purchased atmost once during a specified time period, with probabiUty 
p, (0 < /? < 1). Define X as the number of unit time periods after which 
a customer actually makes a purchase of the item and assume that X 
follows a Geometric distribution i.e. P{X =x\p) = pq^\x = QX%%•• 
?ind q = l~p. This is equivalent to saying that purchasing the item 
during a unit time is a Bernoulli trial with probability p. Clearly, the 
value of p may not be the same for all the customers; it may vary in 
geographical regions. Also there may be variations m different areas of a 
town/city according to the population composition. Hence it is advisable 
to assume p itself to be a random variable. However, as 0 < p < 1, we 
assume that p follows a Beta distribution. The choice of Beta 
distribution has been made because of its flexibility to accommodate 
different shapes of probability curves. The variation of the Beta 
distribution over the consumer segments will be taken care of by its 
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parameters. (See Figure 4.1 for the shape of the Beta probability density 
function for a few selected values of the parameters of Beta distribution). 
Figure 4.1: Beta Density Function 
With the above-mentioned assumptions, we have a set of random 
observations {Xi,i = \2,....,n] where Xj denotes the number of time 
.th periods after which the / customer makes next purchase of the item 
under consideration. Hence the conditional probability mass function 
(pmf) of iXi,X2, ,X^ for a given p is given by: 
Assuming that p is itself a random variable with pdf 
we have the joint pdf of {Xy,X2, ,-^rj'i^) given by 
(4.1) 
(4.2) 
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P(Xi = -M-=I.2,3 n; ^ ) = ; ^ p«+-^,2:.,-P-l ,0 < N 1 (4.3) 
So that'marginal' pdf^(Xi,X2, ,X^ is as follows: 
P(X,=^ii-^23 n) . ^ ( - ^ ^ - S : ; - - ^ P ) (4.4) 
Hence the'conditional' pdfof/? for given sample values (xi,X2,..-,^n) is 
as follows: 
7i+a-l Ix,-+M 
/ ( ;^! V 2 , ,^J = i , % ^ (4-5) 
Hence the Bayes estimate of p, under squared error loss function, is 
given by posterior expectation of p, i.e. 
p = E{ptxiX2^ Xj,) 
n-\-a 
(4.6) (n + £x,-) + (a + P) 
It may be noted here that Maximum Likelihood (MLE) estimate of p that 
may be obtained from (4.1), is, = — , Also, a minimum variance 
" ^ • ^ ^ • < - i ^ ' ^ ^ ' - ' - - ^ ^ o i ^ W ^ 
unbiased estimate (MVUE) of p, obtained from (4.2) is i Hence 
a+P 
the Bayes estimator is a sort of compound of the two. It shall, therefore, 
always lie in between the two. This ensures moderation in over- or under-
estimation of p by MLE or MVUE. • 
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Having obtained the estimate of p, expected number of purchases by a 
randomly selected customer, over a fixed number of time periods might 
be obtained. This will help in planning the production schedule and 
gearing up the distribution system so that there is neither an idle 
inventory nor a shortage in the market. For example, if Bayes estimator of 
p 'turns out to be 0.2 for a particular region and the number of potential 
consumers of the item is 10,000 in that region, then a supply is to be so 
arranged that 2,000 items per time interval are available-^ the relevant-
pomt. ^ ^ ' ^ ^ 
/ * • . ^ V! ' 
4.3 Simplification of ttie Model Vr, _/^J 
The model discussed above assumes the valife^ -o't'.tHe parameter of Beta 
distribution to be known. In case the values are not known, the same may 
be estimated by using (4.4). Given the form of (4.4), it may not be easy to 
estimate (a,P). However one can always 'guestimate' (a,P) by looking 
at the data and Figure 4.1. 
An alternate is to assume a = p = 1. This is equivalent to assuming prior 
ignorance about the form of the distribution of p. We, tlierefore, let 
f{p) = \.^<p<\ (4.7) 
So that the Bayes estimator of p, under squarred error loss function, is 
given by 
/ 7+1 
71 + ^Xy + 2 ' 
(4.8) 
The expected value of p\ using ^ 1 ) is ' '/2 ' , whereas the MLE of p^ 
given by (4.7) , is 1/(1 + x). Note that MLE of p =,> or < - according as 
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inventory nor a shortage in the market. For example, if B ayes estimator of 
p turns out to b^ 0.2 for a particular region and the number of potential 
consumers of the item is 10,000 in that region, then a supply is to be so 
arranged that 2,000 items per time interval are available at the relevant-
point. 
4.3 Simplification of the Model 
The model discussed above assimies the values of the parameter of Beta 
distribution to be known. In case the values are not known, the same may 
be estimated by iJsing (4.4). Given the form of (4.4), it may not be easy to 
estimate (a, P). fiowever one can always 'guestimate' (a, P) by looking 
at the data and Figure 4.1. 
An alternate is to assume a = p = 1. This is equivalent to assuming prior 
ignorance about the form of the distribution of p. We, therefore, let 
np)-l.O<p<l (4.7) 
So that the BayeS estimator of p, under squarred error loss function, is 
given by 
The expected value of p, using (3.1) is ' 1^  ' , whereas the MLE of /?, 
given by (4.7), is 1/(1 + x). Note that MLE of p -,> or < - according as 
x=,< or >1. Since Bayes estimator always lies between the MLE and 
the expected value of p under prior ignorance, it reduces the gap 
between the over- or under-estimation by the MLE and the expected 
value of p. 
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5^ prior 
the expected value of p under prier ignorance, it reduces the gap 
between the over- or under-estiraation by the MLE and the expected 
value of p. 
4.5 An Illustrative Example 
A survey is conducted to study the Consumer behaviour regarding 100 
grams packets of butter. It can be safely assumed that not more than one 
packet per day is likely to be purchased by a consumer. However, the 
pattern of buying behaviour is likely to be different in various localities. 
A city is divided into three areas according to its socio-economic 
composition. Those who are buying the packet are the target population. 
In each area some stores are randomly selected and on randomly selected 
days, randomly selected customers are asked to tell the number of days 
between two successive purchases (call it X). The data so obtained is as 
given below in Table 4.1: 
Table 4,1: 
X 
0 
1 
2 
3 
4 
5 
6 
7 or more 
No. of Customers 
Area1 
— 
— 
10 
15 
25 
7 
2 
1 
Area2 
~ 
— 
~ 
~ 
5 
10 
15 
20 
Areas 
— 
~ 
— 
— • 
~ 
10 
20 
70 
•78 
N ==-^il' 60 50 100 
Y^fi^i 219 300 660 
. ^ N+1 0.2170 0. 1448 0.1325 
If the potential customers in the three areas are 5,000; 10,000 and 20,000 
respectively, it is to be ensured that on any randomly selected day there is 
5000x0.217 = 1085,1448 and 2650packets, on an average, are available in 
the retail stores in the respective areas. 
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CHAPTER 5 
CONSUMER RESPONSE TO PROMOTIONAL SCHEMES 
: AN ANALYTICAL APPROACH 
5.1 Introduction 
What is this study about ^ 
'Globalisation' and *Open-market' are the key words now a day in almost 
all the South-Asian countries. Eariier on, most of the countries in this 
region used to be 'traditional' in dealing with the customers at the lower 
levels, in the sense that, the wholesalers had their set of retailers and each 
retailer had a set of 'loyal' customers. Brand switching was rare and trade 
flourished on 'faith' and 'counter-faith'. With the opening up of markets 
to 'imported goods', coming up of new ideas, along-with multinational 
firms and multi-cultural goods, was a must. Hitherto unknown 
commodities have become the 'article of faith' now so much so that one 
wonders as to how we were living without these 'essentials'. All this has 
not happened in a day, nor is the transformation complete. The changes 
are gradual and on going. The introduction of providing incentives either 
to 'lure the customers' or 'to keep them in the net' is a new phenomenon 
for the countries in this region. We present an analytical study of these 
'customer-catching' techniques known as 'promotional schemes* and 
consumer-response to the 'allurements'. 
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What are promotional schemes? 
Sales of consumer items with some promotional scheme is a very 
common phenomenon now a days. This may be regarded as an extension 
of advertising campaign. The basic idea is to increase the sales by 
attracting new customers or by increasing the number of items purchased 
by the existing customers. Studies corresponding to this aspect of 
advertising have already been made earlier. As early as in 1987, Wright, 
Whiter and Zeigler discussed this aspect in their book entitled 
* Advertising'. Recently some new books have appeared containing 
studies on advertising price-promotions (e.g. Batra et al. (2000) and 
Kotler(1999)). 
The list of the possible promotional schemes is too large to be taken up in 
full. In section 5.2, the modus operandi, merits and limitations of a 
selected few of commonly used schemes, along with possible consumer 
reaction to each one, have been discussed. A statistical method for 
measuring the consumer response to various promotional schemes has 
been discussed in section 5.3. Finally, in section 5.4, a survey report has 
been presented and analyzed. The data for this survey has been obtamed 
from Aligarh and Delhi in India, the choice is neither arbitrary nor just a 
matter of convenience. Aligarh is the city of Aligarh Muslim University, 
which is not only an institution of international repute; it has the cross-
currents of the South-Asian population composition. Delhi is the capital 
city and its more than 10 million populations represent various forms of 
behaviour. Samples have been so drawn as to include various segments of 
the society. Thus the conclusions drawn here are valid for any place in 
general and the entire South-Asian region in particular. 
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5.2 Promotional Schemes: 
As mentioned earlier, there are quite a large number of promotional 
schemes prevalent at the moment. We discuss here only a few that are 
very much 'visible' to the common man so much so that the consumer 
response towards the schemes is easily available. 
i) COLLECT THE POINTS AND WIN PRIZES: 
This is a sort of patronage reward. Customers get points for patronising 
some product or regularly using some services like Airlines and Hotels. 
The points collected are convertible to cash or other facilities. For 
example, some Airlines offer free trips on accumulating a certain number 
of 'flying hours'. Recently Indian Airlines have launched a 'free Bharat-
Darshan' scheme for those who buy Air-tickets of a specified value 
within a specified period. 
This type of promotional schemes are usually limited to small educated 
and elite class of individuals who are likely to increase their 
'consumption' in order to avail of the opportunity. Apart from this, 
producers also offer such type of schemes to their stockiest and wholesale 
dealers where the points are replaced by either 'the amount' or 'the 
volume' of the sales during a year. In any case, the scheme has a limited 
scope. It helps in maintaining brand loyalty more than in increasing the 
number of customers. 
ii) DISCOUNT COUPONS: 
This is a frequentiy used promotional tool. It is primarily designed to 
build repeat purchase and maintain brand loyalty. It offers specific 
reduction of price or saving on a purchase. 
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The different methods of distribution of coupons to potential users are as 
given below. Each has its own merits and limitations. 
> Through Newspapers/Magazines/Supplements: 
Discount coupons are published in a newspaper or a magazine. 
Such a method is more successful in creating awareness about the 
product rather than in increasing its sales. For example, Pizza-Hut, 
India often advertise their famous Pizza brand for rebate offer like 
*cut and bring this coupon and get a price off of RslO/—, offer 
valid till (a specified date) at their selected outlets in Delhi/New 
Delhi'. These kinds of offers are designed mainly for the benefits 
of customers in a particular area, although its advertisement 
through newspaper helps in getting attention of the readers 
throughout the reach of the paper. This may result in long-terra 
benefits. In the above-cited example, nobody from outside Delhi 
will go there to avail the opportunity of a discount of RslO/-. 
However, it serves the purpose of increasing consumer awareness. 
Once an outlet is opened in far off place, it will ahready have a lot 
of potential customers. 
> Through In/On Pack: 
There are two types of coupons in this category 
1) Enclosed in the package of a product. For example, a 
washing powder packet has discount coupons of varying amount 
for the next purchase. This amounts to a sort of bonus for being 
brand loyal for the existing customers. For new customers it offers 
a competitive price. 
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2) Enclosed in the package of other goods. For example, 
coupons for a baby shampoo carried in a diaper packet. This is 
primarily designed to attract new customers. The choice of the 
target is remarkable here as almost all of the diaper users are likely 
customers for baby shampoo. 
> Direct Mail; 
Companies are mailing coupons via direct mail to those known to 
be non-users, or are purchasing the competing product. 
The discount coupons has the following inherent advantages: 
1, Product is never marked at a price lower than the established 
one. Psychologically, the coupons offer better opportunity 
than special prices. 
2, Many coupons have expiry date that provides a dme frame 
to the consumer to react and, to the producer it provides an 
opportunity to analyse the consumer response at the end of 
the time period. 
3, It helps maintain market share of established products. 
4, It promotes new items in their introductory stage. 
The disadvantage about coupons is its possible under-redemption that 
may be intentional or accidental. 
Consumers response to discount coupons distributed through newspapers 
etc. depends upon their product perception. Quality conscious consumer 
may fear a possible downslide in quality level, in view of the implied 
reduction in sales. The issuance of these coupons may be regarded as a 
consequence of downward sUde of the sales because of falling quahty 
level. 
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Consumer perception regarding discount coupons made available through 
some other items is better than those distributed through 
newspaper/magazines etc. In general, it is believed that they are just 
trying to check the increasing influence of the competitors or what a 
unique way to catch attention or even sometimes there may be, 'thanks 
for the wformat'ioi}, J was just looking for such a product. After aU, I need 
such an item, so why not this particular brand'. People see nothing wrong 
in it, unless there is marked decline in the quality level. In the former 
case, it is feared that there is a decline in quality level that has been 
noticed by others, so that there is a decline in the sales, whereas in this 
case people regard it as a scheme to 'prevent the possible decline in 
sales'. 
Coupons distributed through direct mail are more targeted than those 
distributed through print media as these appear to be more personalized. 
A person getting a discount coupon through direct mail feels that s/he is 
not just an ordinary person. They are being noticed so they must be out of 
the 'common man' crowd. Apart from wondering as to where from 'they' 
got the address, s/he feels favourably incUned towards the product, 
simply because s/he has been 'singled-out' for the privilege. 
Ill) EXTRA (ADDITIONAL) OR BUY SOIWE, GET SOME FOR FREE: 
This type of scheme offers some extra quantities of the product or some 
extra service along with the usual product/service at the existing price. 
For example: 
1. An instant coffee brand offers 25 gm extra for the price of 100 gm 
pack. 
2. A famous soft drink supplier, recently offered 33% extra volume 
for the price of 1.5 Utre. 
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3. A company dealing in cosmetics is giving away a free pack for 
purcliase of every pack of Prickly Heat Powder. 
4. Buy 3 get one free offer of a famous manufacturer of beauty soaps. 
The extra volume is sometimes presented in a special container (such as 
glass carafe, plastic dispensing unit, useful pearl-pet bottle) to add to the 
attraction. 
It may be supportive of the brand's advertised image to offer 'extra' 
volume instead of lowering the price. The advantage is usually short-term 
as the companies adhere to their original price without 'extra-additionaF 
scheme. However the stock is cleared from the market earlier than it 
would have without extra offer. 
iv) FREE SAMPLE: 
Distributing small sample of the product to potential consumers is another 
important way of introducing a product. The following methods are used 
to get an actual product into the consumer's hands 
> Direct Mail: 
A new product launch could include a small sample mass-mailed to 
a selected few. Care has to be taken in selecting the recipients. In 
some cases, they are wasted because sometimes the recipients are 
not interested in the product. Moreover, it requires lot of 
groundwork and it is a very costly affair so much so that maihng 
cost may exceed the actual product cost. 
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> House-to-House Delivery: 
This is a very common practice for launching a new product. We 
often open our doors for such promotional schemes and in many 
cases we find either free samples or trial packs at a nominal price. 
> Point-of-Purchase Areas in Stores: 
New and creative avenues for in-store sampling include children's 
product in toys shops, products aimed at teenagers made available 
in college canteen or bookstores, and so on. This method is less 
costly than free distribution and has an advantage of reaching the 
real potential customers. 
> Sample Included In Another Product: 
Often sample of some product is attached with some other product. 
For example, a copy of a famous 'Film- Magazine' usually carries 
a pack of some, 'cosmetic' or a beauty-soap or even a new variety 
of a ball-pen. This helps create awareness about the product among 
those who happen to see the magazine, even if they do not buy it.' 
Sometimes companies introduce their product in a way of joint-
product, For example, a well-known company introduced their face 
wash under Introductory Offer' with its Moisturizer. This 
additional product becomes real attractive when provided as an 
auxihary to some product. For example, we find toothbrush free 
with toothpaste so that we do not pay extra and feel rewarded. If 
we find the toothbrush good enough, we may go for it next time 
after paying for it. A free comb with a bottle of hair oil will 
promote both comb and the hair oil. 
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It is an excellent but expensive way. It is more effective after running 
an introductory advertisement campaign. It helps create awareness and 
favourable attitude toward the product. The advertisement to include 
free trial pack coupons increases effectiveness. Sampling program 
should be co-ordinated with advertising program for maximum 
effectiveness. If both sampling and advertising are in promotional 
mix, consumers should receive sample shortly after exposure to 
advertising messages about the product's benefits. 
V) SCRATCH A CARD, WIN PRIZES: 
Customers are offered the chance to win cash prizes, luxury trips or 
merchandise as a result of some lucky draw. Some popular methods 
adopted for this purpose are discussed below: 
> Contests: 
Consumers have to submit an entry on a form made available to 
actual buyers. A slogan, along with answers to some very 
elementary questions help in restricting the number of participant. 
> Games: 
Consumers get something every time they buy, like missing letters, 
bingo numbers and other item, which might help them, win prizes. 
> Sweepstakes: 
Consumers are asked to submit their names and other details to 
participate in a draw. 
Such schemes are so designed as to gain good attention. 
Consumers go for multiple purchases in case of low priced items 
like cigarettes, soft drinks, toys, magazines etc. 
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For high cost items like TV, Computers, audio-video players etc., 
the Instruction manual includes a card bearing the serial number of 
item. The card is to be scratched and prize to be won is visible only 
after scratching it. The main aim of the scratching scheme is to 
make it as much tamper proof as possible. However, inspite of best 
efforts of the producers the prizes, visible only as a result of 
scratching, in most cases, either remain with retailers or are passed 
onto other persons known to retailers. For example a company 
dealing in mosquito repellent coils offered gift on pack as 'scratch 
. it and get the surprise'. Company increased the number of coils 
from 10 to 12 in about 99% of its total production and offered the 
two extra coils as one of the prizes. Now it was easy to see that the 
packet contains 12 coils (without opening the packet) so that 
clearly it contained no other prize. It was highly unlikely that any 
of the real big prizes reached the genuine customer, what with the 
wholesalers/stockists cornering all the packs not containing these 
two extra coils that may contain the 'real thing'. 
vi) TEST-RiDEn"EST-DRIVE: 
Test rides or Test drives are offered free of charge to the prospective 
buyer of a certain type of a vehicle by a certain brand. This also falls in 
the category of free-samples. The problem with it is gross misuse of the 
opportunity of 'joy rides'. However, the 'word-of-mouth' of those taking 
a joy ride may affect the real customers. Moreover, it is very difficult to 
differentiate between a 'genuine' potential customer and a 'window-
shopper' . 
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5.3 Measuring the Consumer response to Promotional 
Schemes 
Given the long list of possible promotional schemes and considering their 
merits and limitations, a producer may select a few tentatively, the 
ultimate aim being to select one or two as per the constraints of the 
budget or the present trend or some other considerations. However, in 
order to make final selection of one of the provisionally selected schemes, 
one requires some sort of reasonable criteria, which may be defended for 
the principle on which it is based. We propose a method based on 
following steps. 
Step 1: Define the desirable characteristics of a good promotional 
scheme, like ability of penetration to the target population, 
attractiveness, novelty factor, the cost factor etc. 
Step 2: Each of the characteristics of stepl may be assigned a factor 
weight reflecting its relative importance with respect to the 
other characteristics. The total of these factor weights may be a 
round figure, may be 10 or 100. 
Step 3: Each characteristic may be evaluated on a 5 or 10-point scale, 
indicating its possible success. (0 indicating a total failure and 5 
or 10 indicating a possible excellent performance of the scheme 
with respect to that particular characteristic.) 
This evaluation may be done either by the experts using information 
about the existing schemes of other products or through sample surveys. 
The data so generated may be converted into a probability distribution. 
For example, regarding the novelty factor of the scheme 100 randomly 
selected consumers are consulted and given below is the frequency 
distribution of scores: 
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Scores 
Frequency 
0 
5 
1 
10 
2 
20 
3 
30 
4 
30 
5 
5 
This may be translated into the corresponding probability distribution, as 
given below: 
Scores 
Probability 
Distribution 
0 
0.05 
1 
0.10 
2 
0.20 
3 
0.30 
4 
0.30 
5 
0.05 
Step 4: Expected scores for each characteristic may be obtained by 
taking sum of products of scores and corresponding 
probabilities. 
Step 5: The viability score of the scheme is computed by taking the sum 
of the products of the characteristic scores to the characteristic 
weights. 
The various schemes may be compared with respect to their viability 
scores. In case of two or more schemes having closed viabiUty scores, it 
will be better to note their performance with respect to each characteristic 
under consideration. Any scheme having an over-all good score but being 
weak with respect to one or two characteristics may be reviewed for 
possible improvements. 
5.4 Illustrative Example 
Two schemes *A' and 'B' are being considered for possible introduction. 
Due to budgetary constraints only one of the two is to be taken up. After a 
considerable amount of deliberations among the top management experts, 
it is decided that schemes be compared with respect to the following 
factors: 
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i) Ability to increase brand loyalty 
ii) Ability to attract new consumers 
iii) Ability to broad-base the existing market (making the non-users of 
the item interested in the product 
iv) Ability to prolong the maturity period of the product. 
Sample surveys among the buyers and non-buyers of the product are 
conducted after launching the schemes in a limited way in selected 
places, with all due precautions necessary for a statistical study. 
Following type of questions may be asked to collect the raw data, the 
questions being addressed to: 
a) those who have been buying this brand earlier 
i) How long have you been buying this brand? 
ii) Will you continue to buy this brand, even after this scheme 
is over? 
Ill) Are you buying more than your usual quota? 
Iv) Will you switch over to some other brand if it offered a 
better scheme? 
b) those who are buying the brand for the first time, the first 
question may be rephrased as follows: 
i) Are you buying this item because of this scheme only? 
All other questions may be kept as they are for the brand loyals. 
c) those who are buying some other brand : 
i) What do you think of this offer? 
92 
ii) Do you think schemes like this imply a compromise in 
quality level? Had you bought this brand, if there was no 
scheme attached to it? 
iii) Have you gone for this brand, if there was some other 
scheme in operation? Specify such a scheme, please. 
d) those who are not buying that product at all: 
i) What do you think of this offer? 
ii) Do you think schemes like this imply a compromise in 
quality level? Had you bought this brand, if there was 
no scheme attached to it? 
iii) Will you switch over to some other brand if it offered 
a better scheme? 
iv) Can you suggest a better scheme? 
Results of the surveys are converted into the required data by a committee 
of experts that include both marketing managers and statisticians. Given 
below are the tables showing computation of the viability measure of the 
two products. 
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Comparison of the popularity of the above scheme has been carried out 
using the usual t-statistics and p-values have been obtained, whenever the 
difference is significant. 
Table 5.8: Comparison of the popularity of schemes 
Aligarh 
Schemes 
Compared 
S1 compared to S2 
S1 compared to S3 
S2 compared to S3 
t-value 
1.46 
3.435 
2.329 
p-value 
NS 
<.001 
<. 02 
Delhi 
Schemes 
Compared 
S1 compared to S2 
S1 compared to S3 
S2 compared to S3 
t-value 
4.9688 
8.138 
4.621 
p-value 
<. 001 
<. 001 
<. 001 
NS: non-significant 
Source: For p-values, we have used the tables provided by Owen (1962) and Fisher, 
Yates (1963) 
5.7 Conclusions and recommendations 
The statistical analysis of the modified data leads to the following 
conclusions: 
1) Comparative behaviour of the schemes is not the same in the two 
cities. 
ii) Except for the non-significant difference between SI 
(Discount/Price-Cut) and S2 (Free-Gift) at Aligarh, the top three 
schemes differ significantly. We, therefore, recommend that top 
103 
priority should be given to 'Discount/Price-Cut' as in this case the 
benefit decidedly reaches to the ultimate consumer and it is 
markedly visible. 'Free gifts' are in effect a subtle form of price 
cut. However, we feel that free gift must be relevant to the product 
e. g. a comb with hair oil and a tooth-brush with a tooth paste 
really look like a bonus and may be regarded as a most tempting 
offer. 'Buy One Get One Free' should be resorted to only if the 
firm has a large stock to clear as it looks to be a sort of clearance 
sale. 
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